The aim of the study was to identify the potential sources of contamination of traditionally made cheeses during their production with Staphylococcus aureus . The samples were collected at nine dairy farms at different points of manufacturing the cheeses. Isolation and enumeration of coagulase positive staphylococci (CPS) on BairdParker RPF agar was conducted, and detection of staphylococcal enterotoxins (SEs) was performed using ELISA and ELFA. The genes encoding SEs were identified by PCR. CPS were isolated from 51 samples with the highest level of contamination in mature cheese up to 10 7 CFU g -1 .
Introduction
In recent years, there has been a growing interest in promoting ecological and traditionally made food products such as cheese produced at farm dairies. These products are considered to be healthy and are of a high quality. However, the production of microbiologically safe cheeses made by traditional methods is a challenge since several pathogens may pose a risk of food poisoning.
Raw milk and raw milk products are frequently contaminated with different strains of Staphylococcus aureus (24) . These strains also have been isolated from the skin of udders and teats, wounds, and mucosa, milking equipment and shelves, floor, door knobs etc. (12) . Contamination by human handlers is also possible (11) . In Scotland, S. aureus was found to be the most frequent pathogen in raw milk cheese (30) . Some strains can produce staphylococcal enterotoxins (SE) during growth in foods and cause food poisoning. Many factors such as temperature, pH, water activity (a w ), salt concentration, and competing microflora affect S. aureus growth and enterotoxin production (6) . Environmental conditions during the initial phase of cheese production are close to optimal for growth of S. aureus. A risk assessment indicated, that enterotoxigenic S. aureus in fresh and short time ripened raw milk cheeses may pose a health risk since a large fraction of cheeses could contain unsatisfactory levels of S. aureus at the time of consumption (15) . Bacterial counts of S. aureus need to reach 10 5 to 10 8 CFU mL -1 before sufficient amount of toxin to cause illness is produced (22) . Staphylococcal food poisoning (SFP) caused by ingestion of food containing preformed toxins has a rapid onset with symptoms like nausea, vomiting, and abdominal cramps. In addition to the classical SE types (SEA, SEB, SEC, SED, SEE), several new variants of SEs or staphylococcal-like toxins (SEIs) (14) , have been described and these include: SEG-SEI, SEIJ-SEIQ, SER-SET, and SEIU-SEIV (20) . These toxins are heat-stable and for this reason they may still be present in food while S. aureus is absent (8) .
The aim of the study was to identify the prevalence of S. aureus at different stages of cheese production, which is a potential source of contamination with these bacteria and their enterotoxins.
Material and Methods
Sampling. During 2012, samples at various stages of cheese manufacturing were aseptically collected from nine dairy farms in the north-eastern region of Poland. At each farm, eight to ten samples were taken. A total of 82 samples, including 48 raw milk samples, half products, and final products, as well as 34 swabs from the production environment, were collected for further analysis. The tested material was taken at the production stages where the highest level of S. aureus was expected. The collected material included: raw milk; milk after heat-treatment, before adding the rennin; milk curd; grain after rinsing; formed cheese; mature cheese, and also swabs from hands of employees involved in the production; milk tank; surface of strainer, and from mould used for forming the cheese. The swabs were obtained using sterile 50 cm 2 sampling sponges dosed with maximum recovery diluent (TSC Ltd., UK). The swabs from milk tanks were collected using 10 × 10 cm 2 sterile propylene template (TSC Ltd., UK).
On each farm, one sample was collected at the same stages of the production chain. All of them, except the final product, were taken at the day of production and mature cheese was collected after 2 weeks of ripening.
Isolation and identification of S. aureus. The samples were transported to the laboratory and analysed within 24 h after collection. Enumeration of coagulase positive staphylococci (CPS) was performed using Baird-Parker agar with rabbit plasma fibrinogen (BP-RPF) (bioMerieux, France) (8) . The plates were incubated at 37°C ± 1°C for 48 h. One suspected colony from each sample was grown aerobically in brain heart infusion broth (BHI) at 37°C for 24 h and taken for further identification. The isolates were identified as S. aureus on the basis of their colony morphology, catalase reaction, haemolytic properties, and ability to coagulate rabbit plasma (coagulase tube test). Moreover, biochemical identification with the Api 32 Staph test (bioMerieux, France) was conducted.
Detection of staphylococcal enterotoxins. The samples contaminated with CPS and all final products were analysed for the presence of staphylococcal enterotoxins A -E using a two-step method consisting extraction/concentration and detection by enzymelinked fluorescent assay (ELFA) (21) . First, the samples were mixed and homogenised with distilled water. After two centrifugations at 3130 g for 15 min at 4°C, the toxins were recovered in the supernatant. The aqueous phase was concentrated overnight by dialysis. The detection step was performed by the Vidas SET2 test (bioMerieux, France).
Additionally, detection of the enterotoxins was performed for CPS isolates after 24 h incubation in BHI at 37°C using the Ridascreen SET Total kit.
Detection of staphylococcal enterotoxin genes. Two multiplex PCR assays were used to detect genes encoding SE. The first one was performed using six pairs of primers allowing the detection of the following genes: sea, seb, sec, sed, see, and ser (3). The second reaction enabled to detect the genes seg, seh, sei, sej, and sep (4). The amplifications were performed in 0.2 mL reaction tubes in a final reaction volume of 25 µL. The PCR mixtures consisted of 1x FastStart buffer without MgCl 2 (Roche Diagnostics, Switzerland); 2.5 mM MgCl 2 ; 0.2 mM dNTPs; FastStart Taq DNA polymerase (Roche), and 2 µL of DNA. The primers in concentrations: 0.2 mM (sea, seb, sec, ser), 0.4 mM (seh), 0.6 mM (see, seg), 0.8 mM (sed, sei, sep), 1.0 mM (sej) were used (1, 3, 18, 27) . Both mPCR reactions were carried out in a thermocycler PTM-100 (MJ Research, USA) with the conditions as follows: 94°C for 3 min, afterwards 35 cycles at 94°C for 30 s, 55°C for 40 s (for the first assay), and 52°C for 30 s (for the second assay), 72°C for 90 s with a final extension at 72°C for 7 min. The amplified PCR products were visualised by standard gel electrophoresis in a 2.5% agarose gel stained by ethidium bromide (5 µg/mL). The gels were photographed under ultraviolet light using the Gel-Doc 2000 system (BioRad, USA).
Results
CPS were isolated from 39 (81.3%) milk and milk product samples and from 12 (35.3%) swabs. Among them, CPS were recovered from four out of nine samples of raw milk and from five out of nine swabs collected from the cheese maker hands. At three farms, CPS were found in both types of samples mentioned above. As it is shown in Table 1 , contamination of raw milk with CPS, and unsatisfying hygiene of the people involved in the production were the major causes of the contamination of the whole production line and resulted in high levels (>10 5 CFU g -1 ) of these bacteria in the final product. In general , the contamination with CPS tends to increase during the production process (Table 1) . Maximum level of contamination with CPS at different stages of cheese manufacturing is presented in Table 2 . Each sample contaminated with CPS, as well as all final products were tested for the presence of staphylococcal enterotoxins. A total of 48 samples were examined and all the results were negative. All CPS isolates displayed a positive coagulase reaction and catalase activity. However, haemolysis was observed in 38 (74.5%) strains (Table 3) . Among isolated 39 CPS, Api 32 Staph identified 27 (69.2%) strains as S. aureus, and 12 (30.8%) as Staphylococcus sp. Similar results of biochemical identification were found in strains isolated from environmental swabs, where 8 (66.7%) strains were qualified as S. aureus and 4 (33.3%) as Staphylococcus sp. Contamination with enterotoxic CPS was found in samples, which originated from six dairy-farms. Over a half (54.9%) of the isolates harboured the genes encoding SE. Seventeen (60.7%) CPS had genes encoding both sed and sej and five of them had also gene encoding ser. These genes were not present individually in any of the tested isolates. Similar situation was observed with the seg and sei genes, both found in three (10.7%) strains. *not analysed, ** not detected, ***samples only from 3 dairy-farms 
detected (15) *not analysed
The gene encoding the enterotoxin P was identified alone in eight (28.6%) strains (Table 3) . To verify the expression of gene sed, detection of SEs in culture supernatants of isolates harbouring this factor was performed. It was confirmed in every tested isolate, that when the sed gene is present, SED is produced (Table 3) .
Discussion
The quality of raw milk has a great impact on microbiological safety of unpasteurised milk cheeses, but the bacterial contamination caused by lack of equipment and environmental hygiene during manufacturing, packaging, and handling may also occur in the course of cheese production (23) . In the study, the quality of raw milk and the hygiene of people involved in the production process had a great impact on the microbial quality of the final product. The contamination with CPS at the beginning of the production process caused spreading the bacteria to the equipment and environment. The occurrence of CPS in raw bovine milk was reported to be between 19% and 79% (11, 12, 25) . These values are in agreement with our results (44.4%). Our study showed that the contamination levels of S. aureus observed in different types of samples, from raw milk to milk curd, tended to increase, whereas in samples of grains after rinsing and formed cheese these levels remained stable. Similar results have been reported by other authors, who also found an increase in contamination levels and prevalence of S. aureus observed from milk to curd in caprine, as well as in bovine cheese production (9) . This regularity may be explained by physical entrapment of S. aureus cells in curd and the ability of the bacterium to grow rapidly in milk as demonstrated by its generation time of 0.8 h at 25°C (13, 28) . Nevertheless, in samples collected at the cheese pressing stage of production, the contamination with CPS amounted to 10 4 CFU g -1 , and the level of CPS started to decrease to 10 3 CFU g -1 after 7 d of maturation, and to zero after 10 weeks. Previous studies indicated that the level of S. aureus decreased during cheese maturation (27, 29) but out of nine mature cheese samples included in our investigation, such decrease was observed only in three cases. S. aureus strains isolated in the study were coagulase and catalase positive but some of them did not have haemolytic activity. This can be connected with the fact, that human variants of S. aureus generally do not produce β-haemolysin (5) . During the study, only one such nonhaemolytic isolate was identified on the cheese maker hands and it is possible that this was the source of further contamination of four samples of milk and milk products tested from the same cheese production line. Other people involved in cheese production might have also been the possible source of contamination by the non-haemolytic strains. The studies conducted by Jørgensen et al. (12) indicated that 55% of CPS isolated from Norwegian bovine bulk milk and 14.7% of CPS isolated at different stages of cheese production were SE gene positive. In the present study, five types of SE genes were found: sed, seg, sei, sej, and sep, while CPS isolated by the authors mentioned above had only the seg and sei genes. The observed co-existence of seg and sei genes is in agreement with earlier studies, which have demonstrated that seg and sei are located in tandem and on the egc locus of S. aureus (10, 18) . The involvement of SEI and SEG in food poisoning is unclear; in fact SEI may have reduced emetic potential (19) . Nevertheless, S. aureus involved in SFP were found to have sei and seg genes (16) . The occurrence of the gene sed always in pair with sej, which was noted among isolates analysed in this study, is also consistent with previous experiments (11, 31) . However, in some cases, apart from sed and sej, ser was also present. SED is one of the five enterotoxins described as "classical". These toxins are most frequently involved in SFPO. The data found in the literature indicate, that enterotoxins A (77.8%) and D (37.5%) were the most common agents recovered from food poisoning outbreaks in the USA (1).
Our study revealed that domestically produced cheese made from raw milk does not always meet the production hygiene criteria. S. aureus was detected in 77.8% of the raw milk cheeses. According to microbiological criteria in the Regulation EC No 2073/2005, if the level of CPS is ≥ 10 5 CFU g -1 , the cheeses should be analysed for the presence of staphylococcal enterotoxins (2) . Over a half (56%) of the final products tested in our study were contaminated with S. aureus at the level ≥ 10 5 CFU g -1 with the highest result of 2.6 × 10 7 CFU g -1 . However, no SEs were detected. For this reason, according to the Regulation EC No 2073/2005, the cheeses analysed in this study were considered as safe for human consumption (2) . Among 28 enterotoxic strains identified as S. aureus or Staphylococcus sp., 18 (64.3%) and 10 (35.7%), respectively, harboured the gene sed encoding classical enterotoxin D, which is often involved in SFP. However, mature cheeses free of CPS do not have to be tested for the presence of SE, so they may still pose a risk with respect to SFP. It seems necessary to test raw milk cheeses not only for S. aureus but also for the presence of the enterotoxins.
